Probiotic supplements have shown benefit in increasing frequency and efficiency of bowel movements and some strains have shown to reduce serum glucose levels. Bacillus subtilis is used in the fermentation of some foods for probiotic effects and may be useful in concentrated supplement form. The first objective of this clinical study was to determine if daily consumption of Bacillus subtilis strain DE111 at a dose of 5 × 10 9 CFU is safe for human consumption. The second objective was to determine the effectiveness at increasing frequency and improving consistency of bowel movements, by increasing beneficial gut microbes and reducing pathogenic ones. The tolerance and efficacy of encapsulated Bacillus subtilis DE111 was assessed in an average 20-day double-blind, randomized, and placebo-controlled human study. Most blood parameters remained within normal ranges throughout; however, fasted serum glucose levels in the probiotic group (91.0 ± 1.0 to 85.9 ± 1.4 mg/dl, α ≤ 0.05; P = 0.012) were significantly reduced. There was a significant increase in the average number of bowel movements per day within the placebo group (α ≤ 0.05; P = 0.015). Triglyceride levels were maintained within the probiotic group, while the control group displayed a significant increase from pre to post by paired T-test (α ≤ 0.05; P ≤ 0.042) (Figure 2 ). Additionally, significant differences in microbe colonization were present for Bacillus subtilis and Bifidobacterium in the fecal colony counts. Daily consumption of Bacillus subtilis can be recognized as safe, and has potential to be effective as a supplement to improve glucose tolerance.
Introduction
The large intestines are colonized with 500 different species of bacteria [1] [2] How to cite this paper: Maher Probiotics have also exhibited protective properties by producing inhibitory substances, competitive inhibition of pathogenic bacteria, degrading toxin receptors, and stimulating the immune system [3] [4] [7] [10].
Common probiotics are lactic acid producers such as Lactobacillus, Bifidobacterium, and Streptococcus due to their resistance to gastric acids, bile salts, and pancreatic enzymes [3] [11] . Studies have shown that lactic acid bacteria are effective inhibitors of pathogenic, gram-negative, bacterial colonization (e.g. S. typhimurium, C. difficile, and E. coli) in vitro [1] [3] .
B. subtilis are gram-positive, spore-forming, rod-shaped bacteria, which have been used as probiotics, competitive exclusion agents, and prophylactics for human and animal consumption [10] . The purpose of this study is to determine the tolerance and efficacy of daily ingestion of one capsule containing approximately 5 × 10 9 colony forming units (CFU)/capsule of B. subtilis. Tolerance was assessed through analysis of blood biomarkers within comprehensive clinical metabolic and liver panels, and immune-reactive C-reactive protein (CRP), a substance that reflects acute stress [12] . Tolerance was also assessed through a pre-and post-capsule consumption gastrointestinal symptom questionnaire. Efficacy was determined through blood biomarkers within comprehensive metabolic and lipid panels, bowel movement records, and pre-and post-capsule consumption fecal analyses. Participant ages ranged from 19 -42 years. One participant dropped out after two days of pill consumption.
Methods
forms. Participants were instructed to utilize the serving size and Bristol stool charts to aid in food intake and bowel movement documentation, respectively. Participants were instructed to consume the assigned capsule once per day, with or without food. If a dose was missed, participants were instructed to take two capsules the following day. Recurring incidences of missed doses were to be reported to the project leader; none were reported. Participants were instructed to complete a daily food-intake record, which was to include alcohol consumption, throughout the course of the study. The probiotic capsules, provided by Deerland Enzymes Inc., Kennesaw, GA, contained approximately 5 × 10 9 CFU/capsule of B.
subtilis and the placebo capsules contained maltodextrin.
All participants completed the provided gastrointestinal questionnaire to gauge final gastrointestinal symptoms. Participants handed in their completed booklets and were given $100 compensation for participation upon completion of the study. Blood was sampled and analyzed as previously described. Fecal samples were collected and analyzed as previously described.
Statistical analysis included the general linear model procedure with within-subjects factor of time (pre-versus post-capsule consumption) and between-subjects factor of capsule type (probiotic versus placebo control group) was conducted with SPSS Version 21.0 (IBM Corp., Armonk, NY). Main effects of time and time by capsule interactions were considered significant at P < 0.05. , and 10 −7 dilutions were plated. 1 mL of these two dilutions were spread on separate plates to allow growth of B. subtilis, E. coli, L. acidophilus, B. longum, and C. albicans. 
Results
Serum fasting glucose was significantly affected by B. subtilis DE111 versus placebo supplementation, with a significant time by capsule interaction (α ≤ 0.05; P = 0.012) and a significant decrease in serum glucose in the probiotic group (α ≤ 0.05; P = 0.001), but no difference in the placebo group, from pre to post capsule consumption ( Figure 1 ). Triglyceride levels maintained the same within the probiotic group, while the control group displayed a significant increase from pre to post based on a pair T-test (α ≤ 0.05; P ≤ 0.042) (Figure 1 ). The cholesterol levels did not change significantly within the standard deviation of the assay for the probiotic group, but showed a significant increase in the control group (α ≤ 0.05; P ≤ 0.025) (Figure 2 ). There was no significant variation from the normal range of CRP by time or capsule.
While there were no significant differences in gastrointestinal questionnaire answers taken before and after (pre and post) capsule consumption between the probiotic and placebo groups, there were some notable variations between the two groups. Throughout the course of capsule consumption, the probiotic group reported a slight decrease in bothersome nausea and rumbling while the placebo while those who were administered the probiotic experienced a significant increase with respect to time within the probiotic group (α ≤ 0.10; P = 0.10) and a significant difference with capsule type (Probiotic versus placebo group) (α ≤ 0.10; P = 0.08). Subjects who were administered the placebo demonstrated a numerical increase in levels of E. coli while those who were administered the Probiotic experienced a slight decrease in E. coli (Figure 3) . No noticeable differences were observed for either Lactobacillus or yeast.
Discussion
The study population was predominantly a sample of college students, who were there was an increase in consumption of alcohol, candy, and fatty foods. The blood parameters examined were expected to remain the same throughout the study. The only exceptions to this hypothesis were serum glucose and triglycerides. One possibility for the changes observed in serum glucose levels could be from 1-Deoxynojirimycin (DNJ). DNJ is a compound isolated from B. subtilis that, when fed to bovine calves, improved diabetic conditions by improving insulin sensitivity [12] . In addition, freeze-dried cultures of L. acidophilus, B. lactic, and L. rhamnosus were administered, by gavage twice daily for three days, to male Wistar rats. The delivered probiotics led to reduced blood glucose levels by up to 2-fold in rats with elevated glucose levels.
There was a significant increase in the average number of bowel movements per day within the control group. In addition, no significant difference in either group for bowel movement type was seen. The use of probiotics may alleviate symptoms associated with antibiotic-associated diarrhea, traveler's diarrhea, and symptoms associated with irritable bowel syndrome [13] [14] [15] [16] . Bowel movement types can be associated with ease of excretion, in addition to efficient elimination of waste material. There was a small, but not significant difference in bowel movement type between the probiotic, averaging a softer, smoother type 4, and control group, averaging a slightly harder, lumpier type 3, throughout the course of the study.
Daily ingestion of one capsule containing approximately 5 × 10 9 colony forming units (CFU)/capsule of B. subtilis was well tolerated in healthy young adults consuming their usual and variable diets, as reflected by blood levels of important biomarkers. Markers of systemic acceptance, such as CRP and liver enzymes, remained within acceptable ranges and gastrointestinal symptoms and bowel habits, if anything, improved with probiotic capsule consumption. Though this study did not support a beneficial effect of this probiotic on lipid profile in this healthy largely normolipidemic population, there could still be beneficial effects, as demonstrated in some studies, in a hyperlipidemic population. LDL increased in both groups, which may have been a reflection of poor eating habits nearing the end of the semester, but increased less in the probiotic group. Triglycerides levels were maintained in the probiotic group, but increased significantly in the control group. Finally, consumption of B. subtilis in the manner described herein, may improve glucose tolerance, corroborating the findings of non-human animal in vivo and in vitro studies by [6] and [12] , respectively. This probiotic is a safe, efficacious dietary supplement for immunity, digestive health, and as a competitive exclusion agent. Daily consumption of the B. subtilis probiotic supplement resulted in a significant effect on gut microflora measured 
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